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| INTRODUCTION
More than 80% of patients with pancreatic cancer are diagnosed with unresectable disease, defined as local advanced or metastatic disease, with palliative chemotherapy as the current standard of treatment. [1] [2] [3] One meta-analysis study that included 153 randomized controlled trials that has established the survival benefit of palliative chemotherapy compared to best supportive care (hazard ratio, 0.64; 95% CI, 0.42-0.98) for unresectable pancreatic cancer. 4 Although the survival outcome remains dismal (approximately 6-11 months) for patients with unresectable pancreatic cancer receiving palliative chemotherapy, [5] [6] [7] [8] [9] palliative chemotherapy provided additional clinical benefits with improved performance status, increased body weight, and relief of tumor pain in these patients. 5 With the intention to prolong survival outcome and ameliorate the quality of life, clinicians would likely provide a timely palliative chemotherapy for patients diagnosed with unresectable pancreatic cancer. For patients with resected pancreatic cancer, adjuvant chemotherapy is commonly initiated within a few weeks from the date of surgery. 10, 11 In contrast, whether the early initiation of palliative chemotherapy is associated with a favorable survival outcome for patients with unresectable disease is not known. This study aimed to analyze the association of time interval between cancer diagnosis and initiation of palliative chemotherapy with survival outcome in patients with unresectable pancreatic cancer based on a multi-institutional dataset.
| PATIENTS AND METHODS

| Patient selection
We conducted a retrospective review from four institutions in Taiwan. A total of 838 patients with locally advanced or metastatic pancreatic carcinoma who underwent palliative chemotherapy from 2010 to 2016 were included. Pancreatic cancer diagnosis was based on pathological report or confirmed by a weekly basis multidisciplinary tumor board for those were difficult to get tissue proof. Patients who received adjuvant chemotherapy, received concurrent radiotherapy during the first-line chemotherapy, or were enrolled in clinical trial for pancreatic cancer treatment were excluded. Date of cancer diagnosis was defined as pathologic reporting or tumor board meeting dates. The chemotherapeutic agent, dosage, and treatment schedule were determined by the primary care physicians based on the patients' and physicians' preference. The time interval was defined as the period from the date of cancer diagnosis to the date of initiation of palliative chemotherapy. All patients were categorized according to time interval for comparison of the survival outcome. This study was approved by the institutional review boards of all the CGMH branches and has been conducted in compliance with the Helsinki Declaration (1996).
| Data collection
The patient's demographic data were recorded by the primary care physician using a prospectively formulated electronic data form and were described in detail elsewhere. 12 Presence of tumor pain was defined as patient receiving narcotics for pain relief at the time of diagnosis. All jaundice in patients enrolled were the result of obstructive jaundice, which was defined as patients presented with biliary tract invasion and a total bilirubin level higher than 1.3 mg/dL at the time of diagnosis. Tumor staging for pancreatic cancer was according to the seventh edition of the American Joint Committee on Cancer. Overall survival (OS) and postchemotherapy survival (PCS) were calculated from the time of cancer diagnosis and time of initiation of palliative chemotherapy to the date of death from any cause, respectively. All included patients were followed until death or December 31, 2017. All dates of death were obtained from either the Institutional Cancer Registry or the National Registry of Death in Taiwan.
| Statistical analysis
Basic demographic data were summarized as n (%) for categorical variables and median with range for continuous variables. Univariate and multivariate analysis of OS for all clinical factors was performed using the log-rank test. All of the variables in univariate analysis with P < 0.10 were further analyzed using a multivariate analysis. Survival time with 95% CI was analyzed using the Kaplan-Meier method. Patients were allocated into 3 groups by different time intervals for survival comparison. Log-rank tests were used to determine the significance of differences among the survival curves. Subgroup analyses were performed to assess the survival outcome between the two different time interval treatment groups. SPSS 17.0 software (SPSS Inc, Chicago, IL) was used for statistical analysis. All statistical assessments were 2-sided, and a P-value < 0.05 was considered statistically significant.
| RESULTS
Patient characteristics are summarized in Table 1 . Of the 838 patients, the median age was 62 years (range, 23-89 years), and 59.3% were men. The majority of patients (71.2%) had a good performance status with an Eastern Cooperative Oncology Group performance status of 0-1, and 27.1% of the patients had no comorbidities. A total of 655 (78.2%) patients had stage IV disease at cancer diagnosis. Overall, the 3 most common metastatic sites were the liver (52.3%), peritoneum (28.5%), and distant lymph nodes (17.9%). The most common first-line chemotherapy regimen received by our patient cohort was gemcitabine-based regimen (91.8%) or 5-fluorouracil (5-FU)-based regimen (8.2%).
At the end of our study, 754 patients (90%) had died. The median OS and PCS were 8.3 months (95% CI, 7.7-8.8) and 7.7 months (95% CI, 7.2-8.2), respectively. The median time interval between cancer diagnosis and initiation of palliative chemotherapy was 14 days (range, 0 to 163 days). Table 2 presents univariate and multivariate analysis of clinical variables for OS. The time interval by the cutoff value of the median time interval (≤2 or >2 weeks) was not significant as a risk factor for OS. The detailed distributions of time interval in our patient cohort are presented in Figure 1 . Accordingly, the time intervals within 1, 1 to 2, 2 to 6 weeks, and >6 weeks were 22%, 29%, 38%, and 11% of the patients, respectively. The median OS durations among these 3 patient groups were 8.0 months (95% CI, 6.9-9.0), 7.9 months (95% CI, 7.0-8.8), 7.9 months (95% CI, 7.1-8.7), and 9.9 months (95% CI, 8.8-10.9), respectively ( Figure 2A ). The median PCS durations were 7.8 months (95% CI, 6.8-8.8), 7.4 months (95% CI, 6.5-8.3), 7.0 months (95% CI, 6.2-7.9), and 7.9 months (95% CI, 6.5-9.3), respectively ( Figure 2B ). There was no significant difference in OS and PCS among the 3 patient groups (P = 0.31 and 0.49, respectively).
Patients were further categorized into 2 groups by the cutoff value of the median time interval (≤2 or >2 weeks) for subgroup analysis (Figure 3) . Overall, the hazard ratio was 0.96 (95% CI, 0.83-1.10; P = 0.55) for PCS in patients with time interval ≤2 weeks. The hazard ratios for PCS had no significant difference between the two groups regarding age, sex, presence of body weight loss, ECOG performance status, comorbidity, tumor stage, elevation of carcinoembryonic antigen level, and regimen of first-line chemotherapy. However, patients with time interval ≤2 weeks exhibited poorer survival outcome than those >2 weeks if they initially presented with jaundice. The median PCS time were 6.1 months (95% CI, 5.3-6.8) and 8.4 months (95% CI, 7.3-9.1; P = 0.029) in the 2 groups, respectively ( Figure 4A ). In contrast, patient with the time interval ≤2 weeks revealed a better survival outcome than those >2 weeks if they initially presented with pain. The median PCS time were 8.0 months (95% CI, 7.1-9.0) and 6.3 months (95% CI, 5.5-7.0; P = 0.014) in the 2 groups, respectively ( Figure 4B ).
| DISCUSSION
Our study presented the association of time interval between cancer diagnosis and initiation of palliative chemotherapy with survival outcome in patients with unresectable pancreatic cancer based on a large patient numbers from multi-institutions in Taiwan. We noticed that a delay in the initiation of palliative chemotherapy over 2 weeks' interval did not compromise survival outcome in unresectable pancreatic cancer. However, in our subgroup analyses, we found that patients with the time interval ≤2 weeks exhibited poorer OS than those with the time interval >2 weeks if they initially presented with jaundice, while better survival outcome was noted in patients with time interval ≤2 weeks if they initially presented with cancer pain. Our study might be informative to assist clinicians to decide the appropriate timing to provide palliative chemotherapy for patients diagnosed with unresectable pancreatic cancer.
Gemcitabine was the backbone chemotherapeutic agent for pancreatic cancer in our study, and 91.7% of our patients received gemcitabine-based regimen as the first-line treatment. The median OS observed in our patient cohort (7.7 months) was consistent with those observed in patients receiving gemcitabine treatment in previous studies. [5] [6] [7] [8] Therefore, our study might widely apply to patients with unresectable pancreatic cancer receiving gemcitabine-based therapy. Folinic acid, fluorouracil, irinotecan, oxaliplatin (FOLFIRINOX) regimen is one of the standard treatments as first-line chemotherapy for unresectable pancreatic cancer in Western countries. 8 The median survival times were up to 11 months for patients receiving this treatment in a phase III study. 8 Gemcitabine, cisplatin, and 5-FU are the backbone of chemotherapeutic agents in the treatment of pancreatic in Taiwan because our national health insurance program did not provide reimbursement for use of FOLFIRINOX regimen due to concern its toxicity profiles. 8 Therefore, less than 9% of the patients received 5-FU-based regimen (mainly 5-FU or S-1 alone in our study), and we were unable to evaluate the impact of timing of palliative chemotherapy with the FOLFIRINOX on survival outcome in our study. Although gemcitabine monotherapy demonstrated a tumor response rate of 6%-11% and a median survival time of 5.6-8.8 months for unresectable pancreatic cancer, 5-9 27% of the patients had clinical benefits in terms of improving performance status, increasing body weight, and ameliorating tumor pain after receiving a treatment with gemcitabine. 5 Zabernigg et al had reported that with the early initiation of palliative chemotherapy, quality of life in patients with cancers of the pancreas and biliary tract is stabilized. 13 Interestingly, our study showed that early 
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cancer diagnosis and initiation of palliative chemotherapy initiation of chemotherapy for patients presenting with tumor pain at diagnosis provided a survival benefit over delayed treatment. Pain is one of the most prevalent distressing symptoms in cancer patients, especially for those with unresectable pancreatic cancer. [14] [15] [16] Undertreatment of tumor pain had been reported as a negative predictor for quality of life 15, 16 and survival outcome 17 in cancer patients. In lung cancer, patients receiving standard oncology care integrated with early palliative care for adequate symptom control resulted in a longer survival time and a better quality of life. 18 Our result showed that patients initially presented with pain and received chemotherapy early had longer survival might partially contribute to the clinical benefit with decrease pain intensity from early initiation of chemotherapy. Some preclinical studies support the concept of early treatment for cancer because of the exponential tumor growth kinetics presenting as a clinical symptom. 19, 20 Computational modeling of pancreatic cancer therapy showed that early initiation of systemic therapy resulted in a better survival than a delayed therapy. 21 Delay of treatment initiation may result in the development of drug-resistant micrometastases 22 and increased angiogenesis around the tumor bed in pancreatic cancer. 23 As a result, clinicians provide immediate chemotherapy when unresectable pancreatic cancer is diagnosed. However, early initiation of systemic chemotherapy might be harmful for some patients who were unfit for treatment.
Obstructive jaundice caused by biliary tract invasion is a common complication and a negative prognosticator in pancreatic cancer patients. 24 Early chemotherapy without optimal biliary drainage might increase chemotherapy related toxicity. 25, 26 Our study showed that patients presenting with obstructive jaundice had an unfavorable outcome if they receive palliative chemotherapy within 2 weeks after cancer diagnosis. Hyperbilirubinemia leads to increased drug concentrations and severe toxicity because it impairs the inactivation of gemcitabine, which is primarily metabolized in the liver, and a dose reduction of gemcitabine is generally recommended for patients with hyperbilirubinemia. 25,26 5-FU-based regimen is an alternative treatment of choice other than dose reduction of gemcitabine for patients with hyperbilirubinemia. Unfortunately, 5-FU alone offered a very limited response rate of approximately 0%-9% and a median survival time of approximately 3-6 months in patients with unresectable pancreatic cancer. 5 Because of severe toxicity and poor treatment effect of chemotherapy with either a reduction dose of gemcitabine or alternative therapy with 5-FU, patients with jaundice should defer chemotherapy until optimal biliary drainage and recovery of hyperbilirubinemia below the normal range are achieved. To our knowledge, this is the first study that analyzed the association between time interval of palliative chemotherapy and survival outcome in patients with unresectable pancreatic cancer. Additionally, we stratified several important clinical and pathologic variables into subgroup analysis to demonstrate that delayed palliative chemotherapy >2 weeks' interval was not associated with a worse outcome in the majority of the patients. This study was strengthened by enrolling a large patient numbers with an over 7-year interval from multi-institutions across Taiwan. However, several limitations existed. First, the retrospective nature with selection bias was the most important issue. Second, the timing of initiation of antitumor therapy was influenced by multifactorial reasons relating to patients' and physicians' consideration, which could not be fully addressed in our analysis. Third, because of the easy access of medical care and high coverage rate of national insurance system in Taiwan, more than half of the patients were able to initiate palliative chemotherapy within 2 weeks after cancer diagnosis, whereas only around 10% of our patients had delayed treatment of more than 6-week period. Furthermore, our study showed that even with a delay of more than 6-week still did not affect the OS. Based on our result, we were unable to infer whether a delay beyond 6-week would still have the same survival result. Fourth, the pain index score would be more proper way to objectively reflect pain intensity. Because of the retrospective nature of the study, we were unable to obtain the initial pain score but to find other surrogate such as use of narcotics as a measurement of pain. Finally, the treatment intensity and adverse events of patients presented with jaundice receiving gemcitabine-based treatment were important reasons relevant to patient's survival outcome. Unfortunately, we were unable to explore the association of treatment intensity and adverse events with survival outcome in patients with jaundice for these data were not included in this retrospective analysis.
| CONCLUSION
We showed that a delay in palliative chemotherapy for more than 2 weeks was not associated with a worsening of survival outcome for patients with unresectable pancreatic cancer.
Patients who presented with tumor pain had a favorable survival outcome, while patients who presented with jaundice had an unfavorable outcome when receiving palliative chemotherapy within 2 weeks after cancer diagnosis. Our result might help clinicians to clarify that early initiation of palliative chemotherapy might provide survival benefit for patients who presented with tumor pain, but not for those who presented with jaundice.
